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FEE] a4 HEEMNHARNFPRE R (MP) %A RUE S 0 AE B 45 5 39 4 4 A B s 46 T
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Glucocorticoid attenuating pulmonary fibrosis in rats with acute lung injury induced by smoke inhalation

SONG Li-cheng, HAN Zhi-hai", LI Hu-ming, MENG Ji-guang, CHEN Xu-xin, WU Jing
Department of Respiratory and Critical Care Medicine, Sixth Medical Center, General Hospital of PLA, Beijing 100048, China

[Abstract] Objective To explore the effect of methylprednisolone (MP) with different durations on pulmonary
fibrosis in rats with acute lung injury induced by smoke inhalation. Methods A total of 178 male SD rats were randomized
into 5 groups: control group (n=18), simple smoke inhalation group (smoke group, #=40), smoke inhalation+
MP treatment for 1 d, 3 d and 7 d groups, naming smoke+MP (1D) group (n=40), smoke+MP (3D) group (n=40) and
smoke+MP (7D) group (n=40), respectively. The rats were exposed to smoke for 30 min in the smoke box to meet the
criteria of acute lung injury. MP (4 mg/kg per day) was injected intraperitoneally at 1 d, 1-3 d and 1-7 d after smoke inhalation.
Survival rates were calculated at 28 d after smoke inhalation. At 7 d, 14 d and 28 d after smoke inhalation, the lung tissues
were stained with Masson’s trichrome staining and Sirius Red staining to evaluate pulmonary fibrosis. The mRNA expression
levels of transforming growth factor 1 (7GF-f1) and a-smooth muscle actin (a-SMA) were detected by real-time fluorescent
quantitative PCR, and the expression levels of myeloperoxidase (MPO), connective tissue growth factor (CTGF), high mobility
group box 1 (HMGB1) and interleukin 6 (IL-6) were detected by Western blotting. Results The survival rate of the rats in
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the smoke group was 47.50%, and the survival rates were significantly improved to more than 80% after MP treatment with
different durations (all <<0.01). Masson’s trichrome staining and Sirius Red staining staining showed that the lung fibrosis
of the rats in the smoke group was aggravated, and the fibrosis and collagen deposition in the smoke+MP (3D) and smoke+
MP (7D) groups were significantly attenuated compared with the smoke and smoke-+MP (1D) groups (P<<0.05 or
P<<0.01). As time progressed, the mRNA expression levels of 7GF-f1 and a-SMA after smoke inhalation were increased in the
smoke and smoke+MP (1D) groups. At 28 d after smoke inhalation, the TGF-S1 and a-SMA mRNA levels were significantly
higher in the smoke and smoke-+MP (1D) groups compared with the smoke+MP (3D) and smoke+MP (7D) groups (P<<0.05
or P<<0.01). At 28 d after smoke inhalation, the protein expression levels of MPO, CTGF, HMGB1 and IL-6 were significantly
reduced in smoke+MP (3D) and smoke+MP (7D) groups compared with the smoke and smoke+MP (1D) groups (P<<0.05,
P<0.01). However, the above indicators have no significant difference between smoke+MP (3D) group and smoke-+MP
(7D) group (all P>0.05). Conclusion MP can significantly improve survival rate of rats with smoke inhalation injury. MP

treatment for 3 d or 7 d can significantly attenuate smoke inhalation induced pulmonary fibrosis at 28 d after smoke inhalation,

20194 1 H, 4540 %

but there is no significant difference between these two treatment protocols.
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1 #RFTE

1.1 #At BdEHEYE Sprague-Dawley (SD) KR
178 H, {RkJiihE 220~260 g, HZEFHEFERERR
ik, S AHIES . SCXK (5%) 2014-0013,
Pl /YRS ( myeloperoxidase, MPO ) £
FREDLIR (495 ab208670, F[EH Abcam AF] ) |
RILLE 4 H L K A F ( connective tissue growth
factor, CTGF ) Zyiphifk (185 ab5097,
Abcam A ) | RIPUETBEFEBHEEN 1 (high
mobility group box 1, HMGB1 ) ZifEhilk (1%
5 RA2139223, [ Thermo 2] ) . /MWL
FAi /% 6 (interleukin 6, IL-6 ) HEHLIA
1845 ab9324, P Abcam 2AFH] ) . RbiH M
s -3-mE IR i A ( glyceraldehyde-3-phosphate
dehydrogenase, GAPDH ) M igEHifk (175
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BT A R HE R LA T4 R, YRR
T B T3 3 PRl Ao O P IR AR P A HE IR R ik
PRV, FTIFHERBUES P2 1048 P 00 35 e At
SO o BRXT IR 22 A0 0 25 M 55 WA 21 32 D0 25 T
A 30 min HEAGR R, MWEWATES 1 R, 5 1~
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MP (3D) . smoke+MP (7D ) #4352 i s 14 5
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£ BHS SRR BIR R | SR Yl AT 4E R DT
FWIRIE R | BN A FEFR . R R
Ui gk ) B 2 /DR E 20 SBENLALEF (R A%
100X ) #4735, SRR Ea e, H
P BB A T %K, R Image-Pro Plus 6.0 %X
4 ( 3€[F Media Cybernetics 23] ) X FH) 0% &
( mean optical density, MOD ) #4750 5¢1 1
1.4 FatEEE S PCR M KR P a0k
KB -F Bl (transforming growth factor 1, TGF-BI)
o a--FHALILEY &G (a-smooth muscle actin,
a-SMA ) #) mRNA £ ikK-F  BOKEA L2
URIE T AT . H TRIzol ik & (£ E Life
Technologies /A F] ) #EHUE RNA, 7E 260 nm 4t
M RNA HJEJ5, ] PCR ki & (EMHE
Thermo A1 ) 4% ¢cDNA. JH ABI Prism 7000 J3
SR 2 58 (£ [E Applied Biosystems 23 H] ) i
TRt E i PCR, BAMATRKE 3 R, R
ZA%: 95°C 3 min; 94 °C 30s, 58 'C 30s, 72 C
30's, 30 MEFR; 72 °C 5 min, a-SMA FiE51Y).
5" -GTC CCA GAC ATC AGG GAG TAA-3', F
514 5 -TCG GAT ACT TCA GCG TCA GGA-
3", TGF-BI Li#51%): 5 -GAC TCT CCA CCT
GCA AGA CCA T-3', Fif5I¥: 5 -GGG ACT
GGC GAG CCT TAG TT-3' ; GAPDH LJif51%):
5" -TGC GAC TTC AAC AGC AAC TC-3", TiiF5]
Y. 5’ -ATG TAG GCC ATG AGG TCC AC-3' , H
[ SE R B A Fak i 27 M R,
1.5 HamupE ik AMes  MPO,
CTGF., HMGBI1, IL-6 #&:kK-F HL 20 mg i
R RAE B bR A AT 4L 250 3 5 A 7 88 1 i

il 700 A 24 R AE VK 24# 30 min, #RJ5 22 000X g
B0 15 min 2815 FIEW, ] BCA & A I 71
& (EE Thermo AF) MEHAMWE , HihA
PEJE , BRI R AR RS T+ e SEm R AN — 3 TN Js Tk
Bt LUK, BRI (JRF% ), 5% WAt
1 h, TBST & 3 K (10 min/IK) , AL
MPO. #i CTGF. i HMGBI1 . i IL-6 $ifk 4 C
BEE R, TBST BEME; MAZ#H0 (1:2 000)
BEWE, VI 3 W eERekam . RA
Image-Pro Plus 6.0 % /44347 MOD, GAPDH A4
ZHE M.

1.6 %its43 [ SPSS 24.0 #AIFHE TS
KT, TEBURLL x5 R, 2 HIENN R
A Mann-Whitney U fi5:, 2410 LR FH LR 2R
25301, Geit IR GraphPad Prism 6.0 #{F4:
i, K Kaplan-Meier 4= 17 H1£ K log-rank #5
55 FrgesKHE (a) 24 0.05,
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2.1 RE MP &7 5 EHXRAMFEANE 28 d
A HFGYa B 1 B, WEWAJG, smoke
ZH . smoke+MP (1D ) 4. smoke+MP (3D) .

smoke+MP (7D ) K 28 d A% 550N
47.50%. 82.50%. 85.05%. 83.33%. 3 A4
KB 28 d BIAETER Y smoke LR, ZRMAS
THEEE S (P 1<0.01) , {0 3 MNMATFYLZ £
Tgeitm L (PY>0.05) .
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Z 50+ .
«
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a 25+
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B1 EERNGEEAKR 28d 7ML
Fig 1 Survival rates of rats in each group at 28 d after
smoke inhalation
Smoke+MP (1D) group: Smoke—+4 mg/kg methylprednisolone
(MP) for 1 d; Smoke+MP (3D) group: Smoke+4 mg/kg MP
for 3 d; Smoke+MP (7D) group: Smoke+4 mg/kg MP for 7 d
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smoke ZH I R i v 18] B v DL BH S 3% v, AEATR]
N/ RS Y, 1 smoke+MP (3D ) ZH K
SRCERCAR A A B Y Mt ) B G v, HOR A
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(1D ) 2o K Uit g6 P R A0 M D 0 R S 3 vy s

smoke+MP (3D ) ZHH1 smoke+MP (7D ) Zi1J}
TCR AL ; 28 d B smoke ZH K SRt v [a] B 34 5
B, PR )RR N DI i E WS 2, smoke +
MP (1D) HFHBEERF, smoke+MP (3D ) fi
smoke+MP (7D ) 4T FHMAE . Ashcroft PF57
g (K 2C) R, MEWAJS 14 d, smoke 4
s T 3 MAYrdl (P<0.05 5 P<0.01) ;

28 d I} smoke HiFsrikix i H, =T 3 MNAEIT
41 (P #<0.01) , H smoke+MP (1D) 415

Time after smoke inhalation
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6 O Control
B Smoke
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° M Smoke+MP (3D)
§ 4 N Smoke+MP(7D)
é sk
o
2
< 2r
0 (€4

7 days 14 days
Time after smoke inhalation

F smoke+MP (3D ) Fll smoke+MP (7D ) £
(P ¥<<0.01) ; smoke +MP (3D ) ZH'5 smoke+
MP (7D) a2 Tegtit s m L (P>0.05) .

KRB LG5 (B 2B, 2D) s, M5
WA 7 d B4 2R U 20 2 (0 1) D 25 T W 3
25 14 d B AES RN, smoke ZH /5 TX
HR4] (P<<0.01) , A5 3 MAITAZ N2 R T4
AR (P #>0.05) 5 28 d Y smoke 41T
smoke+MP (3D ) Ffil smoke+MP (7D ) 4
(P=0.004, P=0.001) , smoke+MP (1D ) Zitls
=T smoke-+MP (3D ) #l smoke+MP (7D ) 4
(P=0.022, P=0.007) , {H smoke+MP (3D)
M smoke+MP (7D) #l[H] 2= 5 LG iT2#E X
(P>0.05) .

Time after smoke inhalation
7 days 14 days

Control

Smoke

Smoke+
MP (1D)

Smoke+
MP (3D)

Smoke+
MP (7D)

N

ok

(3]

Mean optical density

7 days 14 days
Time after smoke inhalation

B2 WEWNEEHKRIERFEFSTMN

Fig 2 Histopathology of lung tissues of rats in each group after smoke inhalation

A: Masson’s trichrome staining shows the severity of fibrosis in each group; B: Sirius Red staining shows deposition of collagen I in

each group; C: Semi-quantitative evaluation of lung fibrosis in each group; D: Semi-quantitative evaluation of collagen I deposition in
each group by mean optical density. Smoke+MP (1D) group: Smoke+4 mg/kg methylprednisolone (MP) for 1 d; Smoke+MP (3D)
group: Smoke—+4 mg/kg MP for 3 d; Smoke+MP (7D) group: Smoke+4 mg/kg MP for 7 d. Original magnification: X200 (A, B).
“P<0.01 vs control group; “P<<0.05, ““P<0.01 vs smoke group; “*P<<0.05, **P<<0.01 vs smoke+MP (1D) group. n=6, X% s
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2.3 MP sIEEBEAG K KIHHLR T TGF-pI .

0-SMA mRNA %k 69 % K 3A Bon, MWEBRA
Ji 7 d B R Z TGF-p1 mRNA FikK
FEF R, smoke 5 3 AMAITAHZ IR ZE R TSI
EX (P ¥>0.05) 5 14 d i smoke 24 TGF-p1
mRNA FbAKE#E— 2T, T3 MAYTH T
T, smoke 415 3 AMMAITAZ BN ER A ST
#3 (P=0.012, P=0.001, P=0.001) ; 28 d
i smoke 241 TGF-f1 mRNA FikAK T 3 AMASF
40 (P=0.006, P=0.001, P<<0.001) , smoke-+
MP (1D) 20/ T smoke+MP (3D ) #HFl smoke+
MP (7D) 4 (P=0.011, P=0.002) , smoke-+

10t [ Control

B Smoke
8+ B Smoke+MP (1D)

M Smoke+MP (3D) s

| Smoke+MP (7D)

ek

Relative mRNA level of TGF-f1

7 days 14 days 28
Time after smoke inhalation

(=9

ays

MP (3D) 41fil smoke+MP (7D ) 4125
TGt FE L (P>0.05) o & 3B WoR, M%W
N 7 d B4R RMZHZ o-SMA mRNA 19335
KFEZEF G (P ¥>0.05) ; 14 d Bt
smoke 4] a-SMA mRNA 157K T smoke+
MP (7D ) 2 (P=0.026) ; 28 d I} smoke
0-SMA mRNA [FER KBRS TR, BT smoke+
MP (3D ) #ZH41 smoke+MP (7D ) #2H ( P=0.002,
P<0.001) , smoke+MP (1D ) 41l T smoke+
MP (3D ) 411 smoke+MP (7D ) 41 ( P=0.022,
P=0.007) , smoke+MP (3D ) ZHF1 smoke+ MP
(7D) HzEFTLI2EE L (P>0.05)

6 =

ok

ok

Relative mRNA level of a-SMA

7 days 14 days 28 days
Time after smoke inhalation

B3 WERNEREAXRMALR TGF-PI. a-SMA mRNA Hykix
Fig3 mRNA expression levels of TGF-f1 and a-SMA in lung tissues of rats in each group after smoke inhalation
A: TGF-B1 mRNA expression in each group; B: a-SMA mRNA expression in each group. Smoke+MP (1D) group: Smoke+4 mg/kg
methylprednisolone (MP) for 1 d; Smoke+MP (3D) group: Smoke+4 mg/kg MP for 3 d; Smoke+MP (7D) group: Smoke+4 mg/kg
MP for 7 d. TGF-B1: Transforming growth factor Bl; 0-SMA: a-Smooth muscle actin. ~P<<0.01 vs control group; £P<0.05,

A24P<0.01 vs smoke group; *P<<0.05, **P<<0.01 vs smoke-++MP (1D) group. n=6, x*s

24 MEBANGEARIAMAR T EKERE T
T K4 B, 5 smoke HAHEL, FIGIT4TE
28 d I} CTGF Eik/F-HIREAR (P ¥1<0.01) , H
t smoke+MP (7D ) ZHFFANE 3% . Smoke ZH 1)
HMGBI1 F£IXK ¥ T4l (P #<0.01) ,
FARIT AN E R G EE L (P ¥>0.05) .
IL-6 FikK A smoke 45 smoke+MP (1D) 4
Z R TG X (P>0.05) ; (i smoke+
MP (3D) #1 smoke+MP (7D ) ZH# smoke Z1F
smoke+MP (1D ) HHEAL (P #<0.01) ,
smoke+MP (3D ) ZHF1 smoke+MP (7D ) 4[]
EZREGIEE X (P>0.05) . 5 smoke ZHAHLL,
MPO F£ikKFTE 3 MAITHBFEAL (P<0.05,
P<0.01), smoke+MP (3D ) Fil smoke+

MP (7D ) 4% smoke+MP (1D ) ZH FE Ik
(P ¥<0.01) , smoke+MP (3D ) ZHFl smoke+
MP (7D) HZ[AIZEF TG (P>0.05) .
3 3

SI-ALIL S A MM A B LEAIE (acute
respiratory distress syndrome, ARDS) (&4, H
FeaUE: (1) VRN E0W N4 0 G
FER R PR . RTEAIMRZE; (2) BEMARSG =
AL BN N RO TE . 1 SR AR 2R DU
FusiEtEZ gl (3) AR Ry &AL
Y 20 ffu 84 7 S AN A SR B TR, ARDS 4T 4
5 1 R 21 A Ak ) e A Al 2 22 P IS B it 4 4 T
R FENILFIZE R, FEE ARDS FEUY LT 4E



e 36 o

W ZEEREA 20194 1 H, 5540 %

TG 2, HARYFAR — AR W2 A A
A S EUMET A A 2R | i RO e Ay 22 A
ZU, HEGRAY M2 5 T B Al T SRR R 18 A ot

Smoke+ Smoke+ Smoke+
Control ~ Smoke MP (1D) MP (3D) MP (7D)

MPO— ‘-- i 5o
- ‘ -
CTGF—..- g

HMGB1— - —29

el 1 L

GAPDH —| o —m—— < < ~mm——— 37

Mr (X 10)

B, SEEF AR AT R B T R T
i, FRiEES ARDS A KR, SRS
YA S ETB,

2.5 sk - 20 ok
jas|
g 20 . 215
<15 <
2 10 210 sa
S - Mo 5 an 28
£ 05 = 5
=% i & nlnan
0 0
N AD) AD) D D) D) D)
\‘*\0\5&\90 g \‘«\"QG(\
O ST SRR
e eV
— 04 o 10 sk
E 03 I 8
< =
&) AA DA 6
< 0.2 <
@ aa 9 4 Boa
9 0.1 2
St |11 2 dallllOf
T 0 0
N AD) A D ¥ D)D) D)
s O %, @ st AR R
Sty §;@¢ SRR
%6‘0 e e

B4 HEEMANERELEXRE 28 dHHHLH MPO. CTGF. HMGBI. IL-6 ERARIA
Fig 4 Protein expression levels of MPO, CTGF, HMGBI, IL-6 in lung tissues of rats in each group

at 28 d after smoke inhalation
Smoke+MP (1D) group: Smoke+4 mg/kg methylprednisolone (MP) for 1 d; Smoke+MP (3D) group: Smoke+4 mg/kg MP
for 3 d; Smoke+MP (7D) group: Smoke+4 mg/kg MP for 7 d. MPO: Myeloperoxidase; CTGF: Connective tissue growth factor;
HMGBI1: High mobility group box 1; IL-6: Interleukin 6. “P<<0.01 vs control group; “P<<0.05, ““P<<0.01 vs smoke group;

44P<0.01 vs smoke+MP (1D) group. =6, X*s
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